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TESTS FOR THE ELIMINATION OF TAIL FLUTTER*

By Curt Biechteler
I. INTRODUCTION

On various low-wing monoplanes the horizontal tail
surfaces flutter in fllight at large angles of attack and
occaslonally in curvilinear flight, This flutter lesds
to torsional vibrations of the rear end of the fuselage,
as manifested by vibrations of the control stick. In sone
cases tail flutter reaches such amplitudes as to affect
the strength of the horizontal tail surfaces and of the
rear part of fuselage.

According to earlier D,V.L. (Deutsche Versuchsanstalt
fir Iuftfahrt) investigations with various airplanes and
airplane models of the Junkers F 13 type (reference 1)
tail flutter is due to the influence, on the horizontal
tail surfaces, of eddies or vortices shed at large angles
of attack by the upper surface of the wing root,

The cause of tail flutter on a low—wing monoplane and
the means of preventing it are investigated in the present
report,

II. INVESTIGATION OF THE CAUSE OF TAIL FLUTTER

1, Test Procedure

A BFW-K 23 b alrplane (figs. 1 and 2) was used for
the investigation of the cause of taill flutter. Fluttser
of thé horizontal tail surfaces occurred -on this airplane
in leveling off prior to landing and in curvilinear flight.
The landing characteristics were greatly impaired dy the
fluttering, The disturbed flow about the horizontal tail
surfaces caused a slight osecillation of the airplaneé about

*1Versuche zur Beseltigung von Leitwerkschﬁtteln.“ ZoF M,,
January 14, 1933, pp. 15-21,
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the transverse axis in flattening out,. These longitudinal
oscillations had to be balanced by alternate elevator de-
flections, the pilot being thus compelled to '"pump" in
landinge. ) .

Red woolen threads of approximately 20 cm (7.9 in.)
length were fastened to the upper surface of the left wing
to indicate the flow about the wing. The distribution of
the points of observation is shown in figure 3. The wool-
en threads and the tail unit were observed in straight,
curvilinear and spiral flights and ir sideslips. ZEach of
these maneuvers was made at full throttle and also with
idling engine.

2. Results

In straight flight with 1dling engine the threads
near the fuselage were greatly disturbed at all impact
pressures, BEBEven at very small angles of attack a separa-
tion of the flow was observed in this region. The hori-
zontal tail surfaces were qulet at speeds above 110 km/h
(68 mi,/hr.Y.

With decreasing impact pressure the separation of the
flow spread out fanlike from the wing root to the tips.
Tail flutter began at a speed of 110 km/h, When flutter-
ing began, the stabilizer tip had a double amplitude of
2 cm (0,79 in,) which increased to about 4 cm (Le6 in.)
at 85 km/h (63 mie/hr.)e (cg.= le4) The vibrations were
transmitted by the rear end of the fuselage to the verti-
cal tail surfaces, Their double amplitude at the tip of
the fin was half that of the stabilizer tip.

The extension of the region of sevaration with de-
creasing speed in straight flight with idling engine is
shown in fizure 3. The boundary between the adhering
flow and incipient separation spreads out fanlike with de-
creasing impact pressure from a point forward of the lead-
ing edge near the fuselage,

In straight flight with full throttle, the flow about
the wing was only slightly disturbed near the fuselage at
. speeds down to 110 km/h, Tail flutter began at 90 km/h
(56 mi,/hr.). The amplitude of vibration of the stabiliz-
er tip at 90 km/h was approximately 2 cm }0 279 in,) and
reached 3 cm (1.2 in.) at 85 km/h (53 mi./hr.). As in
straight flight with idling engine, the region of disturbed

A
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flow: spread out fanlike with decreasing flight speed. The
displacement of the boundary of the region of separation

" with decdreasins speed in straight flight with full throt-
tle 18 shown in figure 4,

‘In right and left turns with full throttle'and idling
englne the tail unit was qulet as long as the turns were
correctly flown, the bank of the airplane corresponding to
the radius of the turn., Slipping or squashing caused pro-
nounced tail flutter (double amplitude 4 to 6 cm. (1.6 to
2.4:in,)), irrespective of the impact pressure and of the

ngine r.pem, The same observation was made in right and
left spiral flight with full throttle and with 1dling en-~
gine. Sldeslips immediately resulted in the fluttering

of the horizontal tail surfaces. In lateral displacements
the flow about the wing opposite to the direction of slip
was disturbed on the inner side, as shown by the woolen
threads,

Observation of the flow about the wing led to the
conclusion that tail flutter in straight flight is caused
by separation of the flow on the upper wing surface, ex-
tending with decreasing impact pressure., BEddies are there-
by developed which strike the horizontal tail surfaces and
start fluttering vibrations,.

In straight flight with 1idling engine, fluttering be-
gins at much higher impact pressures than in straight
flight with full throttle, The flow about the wing root
swept by the nropeller slipstream separates at larger an-~
gles of attack and smaller lmpact pressures owing to the
increased velocity of flow, This result agrees witia the
above~mentlioned flight and ‘model test results obtained
with Junkers F 13 airplanes.

Observatlons show that taill flutter in sideslips is
‘due to separation of the flow from the wing and from the
side of the fuselage, The separation is not, however,
uniform on both wings, as with greatly raised elevator,
but only on the wing turned away from the direction: of
sllp, ' The reason is that, on low-wling monoplanes, the root
of this wing is shielded by the fuselage. The vortices
shed by the upper surface of the wing and, at large angles
of 'slip, by the fuselage, strike one half of the horizon-
tal ‘tall surfaces, thus starting buffetting vibrations,

A disturbance of the flow on the upper surface of the
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wing near the fuselage was also observed throughout the
wing chord under all flight conditions including small an-
gles of attack, The disturbed region is narrow at the
leading edge and increases consideradbly in width toward
the trailing edge, This separation iIs attributable to the
influence of the fuselage on the wing. The flow encoun-
ters increased pressure on the rear part of the upper sur-
face of the wing, especially in the case of highly cam-
bered wing sections. The kinetic energy of the flow is in-
sufficient to overcome this increased pressure, and sepa-
ration of the flow onsues, This occurs particularly when
the wing and the side of the fuselage form a sharp angle,
as in low-wing monoplanes, especially with fuselages of
elliptical cross section,

I1I. POSSIBILITIES OF ELIMINATING TAIL BUFFETING

According to the results of qualitative investigations
of the flow about the wing, elimination of tail flutter
seems possible sither by shifting the horizontal tail sur-
faces to a nonmwortlical reglon or by preventing premature
separation of the flow at the wing root,

A strut with woolen threads, perpendicular to the
plane of the horizontal tail surfaces, was secured to the
experimental airplane forward of the leading edge of the
fin, Observation of the threads during flight showed that
the core of the vortices shed by the wing root at large
angles of attack passed above the horizontal tail surfaces.
Raising the tail would therefore have increased the dbuf-
feting, lmprovement in thls respect being possible only by
lowering the tail.

Various methods of preventing premature separation of
the wing flow are outlined below (fig. 5): :

a) Auxiliary airfoil on the upper surface of the
wing, The nozzle effect of the slot between
this airfoil and the wing causes the flow to
adhere up to large angles of attack,

b) TFlap on the trailing edge of the wing., The flap
can be arranged to form a slot with the trail-
ing edge., The negative pressure on the upper
surface of the flap is intended to suck off
the boundary layer from the upper surface of
the wing at large angles of attack.



e)

4)

8)

£)

g)

N.,A.C.A. Technical Memorandum ¥No, 710 5

Flap forward of the leadinz edge (Handley Page
type)... The flzp ciianges the course of the
flow on the upper surface of the wing at large
angles of attack, The closed flap is integral
with the wing section. Tne flap opens auto- *
matically when the angle of attack of the wing
exceeds a certain value. .

Raising the trailing edge at the wing root. This
deflection of the trailing edge changes the
1ift distribution throughout the span, thus re-
lieving the wing root and retarding the separa-
tion of the flow in this region, -

Fairing to form a transition from the slde of the
fuselage to the upper surface of the wing, de-
signed to improve the conditions of the flow,
Separation at the wing root under the influence
of the fuselage can be prevented by sultable
fairings,

Removal of the boundary layer from the upper sur-
face of the wing by suction, 3By means of a
blower, the vortical region, which develops at
large angles of attack on the rear portion of
the uppor surfacoe of the wing, is sucked into
the wing through slots,.

Blowing the boundary layer off the upper surface
of the wing. Compressed air is blown through

slots in the upper surface of the wing, as shown

in figure 5,2. The effect on the flow dbout
the wing is similar to the effect of suction,

The methods described in paragraphs f and g (removal
of boundary layer by suction and by blowing) have thus far

been checked only by model tests (reference 2).
cal applicatlon has been made,

owing to the high power re-

quired for the. operatlon of the blower wnlch is. considered
ineconomical, - The methods described in paragraphs a to e

‘have already been used with sat1sfa¢tory results.

No- pract1e
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IV, TEST FOR TEE ELIMINATION OF TAIL FLUTTER

l, Cholce of Methods

The tail of the experimental BFW~M 23 b airplane can-
not be lowered, owing to the shape of the rear end of the
fuselage. Only by preventing premature separation of the
flow at the wing root, can tail flutter be easlly eradi-
cated, '

This result is most guickly achieved by fairing the
angle between the side of the fuselage and the upper sur-
face of the wing and by simultansously raising the trail-
ing edge at the wing root. Under the influence of the fu-
selage on the upper surface of the wing the flow is dis-
turbed at the wing root. This region of disturbance, ob-
served under all flight conditions, seems to facilitate
separation of the flow from the wing at large angles of
attack, Separation of the flow from the outer portion of
the wing may be retarded by eliminating this zone of dis-
turbance or by raising the tralling edge at the wing root,

2, Tests with Pairing I

a) Test procedure.- The fairing ¢f the wing root was
determined by testing models in the Gottingen wind tunnel
(reference 3). The radius of curvature of the bent por-
tion covering the angle between the fuselage and the upper
surface of the wing was small at the leading edge and in=-
creased towsard the rear* (fig. 6) designated as "fairing
I" in the report. The fairing was of sheet aluminum stiff-
encd internally by ribs, It was riveted to the wing and
fuselage, The wing fuselage connections, both without and
with fairing I, are shown in figures 7 and 8, respective-
ly. The portion of the trailing edge extending below the
_ bottom of the fuselage was cut off and the lower surface
~ of the wing was raised to the second rib, A shest fairing
formed a gradual transition from the fuselage bottom to
the lower surface of the wing (figs. 9 and 10). The weight
of the whole fairing was 6 kg (13,2 1b.). After making
these changes, the flow about the wing was again subjected
to a qualitative investigation. The woolen threads and

*A fairing of similar design was used by the Akademische
Fliegergruppe, Berlin, on their Junkers "Junior" airplane
entered for the 1931 Deutschlandflug (Circuit of Germany).
Flight characteristics and performances were improved by
the fairing. (See also reference 4,)

e . w“|
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~the tail unit were observed under the same flight condi-
tions as witheut fairing: - . . .. o

b) Test results.~ Up to about 110 km/h (68 mi,/hr,)
the flow conformed satisfactorily throughout the whole
wing in straight flight with idling engine,. Separatiom,
as shown in figure 11, occurred whon the speed dropped to
about 85 m/h (53 mi./hr.} (eca = le4.) The flow always
conformed to the fairing. Tail flutter, due to separation
of the flow from the wing, occurred at no impact pressure.
Slight high-frequency vibrations of the tail occurred at
approximately 100 km/h (62 mi,/hr.). They vanished com-
pletely when the elevator was ralsed further, The double
amplitude of the stabilizer tip was about 1 centimeter,
These vibrations are attributable to the agreement between
the natural oscillation period of the wing-fuselage unit
and of the engine at the given 1dling r.p.m. Oscillations
were oliminated by a slight adjustment of the throttle,

In straight fllight at full throttle the flow conformed
satisfactorily up to 100 km/h. Further raising of the eol=
evator caused separation of the flow from the wing. With
decreasing speed the boundary of the region of seoparation
traveled toward the wing tip (fig. 12), The flow always
conformed to the fairinge Tail buffoting occurred at no
impact pressure,

In right- and left-hand turns and spirals with full
throttle or idling engine the tail unit was guiet, regard-
less of inward or outward slipping. In pronounced side~
slips with rudder fully deflected to the left or right and
engine running at full throttle, the tail unit was like-
wise guiet, whereas slight fluttering occurred in slips
with 1dling engine, The double amplitude of the stabil-
izer tip was about 1 cm (0.4 in.)s The boundary between
the region of separation and that of conforming flow in
sideslips to the right with idling engine is shown in fig-
ure 13, '

According to the investigation, the flow conformed
to the wing-root fairing in straight flight with full
~throttle or idling engine under all impact pressures and
in turns and spirals with slight sideslips. In rectilin-
ear flight at small impact pressures a wedgelike region of
disturbance developed on the outer portion of the wing,
‘At the same flying speed, the area of the disturbed re-
gions was reduced by fairing I. No tail flutter occurred
in straight, curvilinear and spiral flights, indicating
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that, without fairing, tail flutter is due chiefly to the
vortices shed by the wing root. In test flights with
fairing I, slight fluttering occurred only in sideslips’
with idling engine., The landing characteristics of the
airplans were materially improved by the fairing., The
flow adhered to the horizontal tail surfaces until the
airplane reached the ground,

3¢ Tests with Pairing II

a) Test procedure.~ The form of fairing I, used in the
first test, was difficult to produce and its high cost
makes its general adoption doubtful. It was therefore de-
cided to test another fairing which would be less expen-
sive and easier to producé. The conditions of low cost
and simplicity of design are most easily fulfilled by a
fairing capable of being geomotrically developed, The im-
proved performancos obtained with fairing I appear to be
due to the increased chord at the wing root rather than to
the rounded wing-fuselag¢ connection. For a givon lift
distribution, the deep transitional portion has a smaller
1ift coefficient, and the separation is retarded in this
region,

The simplified fairing designed by Professor Madelung,
of Stuttgart, is shown in figure 14, Its forward portion
merely covers the angle between the wing and fuselage,
while its after portion represents material lncreases in
the thickness and chord of the wing section, The fairing
of thec lower surface of the wing, which forms a gradual
transition to the bottom of the fuselage, is the same as
used with fairing I.

_ Several flights were made with the experimental air-
plane BFW-M 23 b equipped with this simplified fairing,
The flow distribution on the upper surface of the wing and
about the tail unit was observed during these tests in va-
rious positions of flight,

b) Test results.~ The displacements of the boundary
of the region of separation at various speeds in straight
flight with idling engine are shown in figure 15, ZEven at
very small angles of attack the woolen thread at the ob=-
servation point 9 was disturbed, With decreasing speed,
the region of separation extended triangularly toward the
‘wing tips and the fuselage, At approximately 80 km/h (50
mi,/hr.) it reached the inner end of the aileron at the
trailing edge. Flutter of the horizontal tail surfaces
occurred at no impact pressure,
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Similar conditions were found in tests with full throt-
tle at various speeds in stralght flight, The flow con-
formed up to large angles of attack under the influence of
the propeller slipstream, At all speeds, a gslight separa-
tion of the flow occurred at the trailing edge near the .
fairing., A greater separation was observed only at speeds
below 85 km/h, The extension of the rezion of separation
is shown in figure 16, Tail flutter occurred at no speed,
Even in right and left turns and spirals and in sideslips
with full throttle or idling engine the horizontal tail
surfaces: remained quiet,

The photographs in figures 17 to 19 were taken with a
camera carried in the pilot?!s cockpit of the experimental.
airplane., Figure 17, taken at 140 km/h (87 mi./hr.) in
flight with full throttle shows the distribution of the
flow over the upper surface of the wing as indicated by
red and white woolen threads, The direction and tautness
of the woolen threads indlcate adherence of the flow
throughout the span of the .wing, Figures 18 and 19, illus-
trating the flow at speeds of 85 and 80 ku/h, respectively,
show larger reglions of separation which extend with de-
creasing flight speed from the wing root toward the tips,

According to the results of flow investizations at the
wing root with fairing II, the oexpansion of the region of
separation was about tho samo as with fairing I, At large
angles of attack the flow separated from fairing I1I, whoro-
as it always adhered to fairing I, No tail flutter oc-
curred, either in straight, curvilinear and spiral flight,
or in sidoslips,

Ve INFLUENCE OF FAIRING I ON THE PERFORMANCES

A dotormination of the polar. when thrust = drag,
was attempted by flight measuromonts for the purpose of com~
paring the performances of tho exporimental airplane with
and without fairing I. A few preliminary tests showed, how-

.ever, the difficulty of accurately. determining the power of

the Argus As 8 air-cooled in-line engine omn the torque
stand, The absence of relative wind in .torque~stand tests

-caused continual variation of the thermal conditions of the

engine, which materlally affected its power. This method
was therefore dispensed with, and the tests were confined
to the determination of the maximum speed and of the climb-
ing and downward vertical velocities at various flight
speeds, .
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: . ‘The maxinunm speed was deternmined in quadrangular
flight at 80 m (262 ft,) abtove the ground., Each portion
of the course had a length of 4,560 and 2,980 n (2,83 and
1,85 miles), The maximum speced in quadrangular flight was

167,8 kn/h (104 mi,/hr.) without fairing and 172.4 kn/h
(107 mi./hr;) with fairing I. The ucasured difforonce was
therefore 4.6 km/h (3 mi,/hr.).

A certain number of climbs with full throttle and
glides with idling engine were made at different flight
speeds for the determinatiom. of the climbing speed and rate
of vertical descent, The 2ir speed was determined dy an
Askania static air-speed recorder; altitude variations and
thc foro~and—aft inclination by a combined recording alti-.
meter and fore~and~aft inclinometer. The ascending and do=-
scending vertical welocities, witia and without fairing I,
arc plotted in figzure 20 against tho actual flying speed,

The scattering of the points is due to scveral influ-
encese The results of climbing and downward vertical vo-
locity measurements are particularly affected by vertical
motions of the air, by the variable relation betweeon the
specific weight of the air and the altitudo and by varia-
tions of the engino power with the density of the air,
Under these conditions a great number of poiants, measured
in flight, arc required for thecdotermination of a mean
value, The relztion between thiec 1ift coefficient and the
angle of fore~and—aft inclination, with and without fairing
I, is plotted in figure 21,

Vi. SUMMARY

In accord with ocarller tests, made by the D.V.lL, with
Junkors P 13 airplanes, the investigation of tho flow about
the wing of a BFW-H 23 b airnlane showed that tail flutter
in straight flight is due to separation of the flow from
the upper surface of the wing, this separation extending
toward the wing tip with decreasing impact pressure, Tail
fiutter in sideslips is attridutable to a separation of the
flow from the fuselage and from the wing turned away from
the direction of slip, Moreover, it was observed that the
flow on the upper surface of the wing was disturbed under
all flight conditions near the fuselage., This region of
disturbance, attributavle to the influence of the fuselage
on the wing, seemed to facilitate the separation of the
flow from the wing at large angles of attack, For the



Y.A,C.A. Tochnical Hemorandum e, 710 11

purpose of elimlinating this region of separation, the wing
was provided with a fairing to round off the angle between
the side of the fuselage and the upper surface of the wing,

- Flow investigations with fairing I showed that the
flow conformed to the falring at all impact pressures in
straight flight and that no tail flutter occurr o.d under
these conditions, Only a slight fluttering was observed
in sideslips with idling engine. S

The construction of fairing I was difficult and ex-
pensive, The second investigation consisted therefore in
testing a simpler and choaper fairing mounted on the BFW~
25'b airplane, Even with this simplified fairing II, no
buffeting of the horizontal taill surfaces occurred in tost
flightses 1In consideratiorn of thesoc rosults, such fairings
are rocommendcd for the BFW~I 23 b airplanes now in service,

A comparison of the performances of the experimontal
airplanc, with and without fairing I, shows that the influ-
ence of the fairing on horizontal and climbing spceds is
small and doos not excecd tho z2llowable discropanciles of
measurcments

Translation by W, L. Koporinde, Paris Office,
National Advisory Committes
for Aeronautics.
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FIGURE 1l.- BFW-M 23 b monoplane. Red woolen threads
attached to left wing for flow investigations.

FIGURE 3.~ Boundaries of regions of separation at va-
rious indicated speeds in straight flight with 1idling en-
g2ine and unfaired wing root, Tail flutter began at about
110 km/h and below. - o ' :

FIGURE 4.~ Boundaries of the regions of separation
at various recorded speeds in straight flight with full
throttle and unfaired wing root, Tail flutter began at
about 90 km/h (56 mi,/hr.) and below. '

FIGURE 6.~ Wing-~fuselage connection. Bent iron wires
are fitted to the wing and fuselage to indicate the pro-
posed shape of falring I and to facilitate its construc-
tion,. ‘The metal sheet was shaped to this pattern,

FIGURE 7.~ Wing-fuselage connection without fairing,

FIGURE g.~ Wing-fuselage connection with fairing I,
The radius of curvature of the fairing between the fuse-
lage and the upper surface of the wing increases from the
leading edge toward the rear.

FIGURE 9,-~ Lower surface of wing before fairing was
added. The highly camberod lower surface of the wing
makes a sharp angle with the bottom of the fuselage. The
trailing edge at the wing root extends below the bottom
of the fuselage,

PIQGURE 10,~ Lower surface of wing with fairing I,
The fairing forms a gradual transition from the lower sur-
face of the wing to the bottom of the fuselage., The traile-
ing edge extending below the bottom of the fuselage is cut
off and the lower surface of the wing is raised to the sec-
ond rib, '

FIGURE 1ll.,~ Boundaries of the regions of separation
at various indicated speeds in rectilinear fllght with
1dling engine and fairing I. Tail flutter occurred at no
impact pressure., The area of the disturbed regions for
‘'equal velocities was reduced by the fairing,

FIGURE 12.,~ Boundaries of the regions of separatlon
at various indicated speeds in straight flight with full
throttle and fairing I. Tail flutter occurred at no im-
pact pressure,
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FIGURE 13,- Boundaries of the regions of scparation
in a sidoslip to thc right with idling engine and fairing
I, Siight tail flutter occurred in this caseo,

FIGURE l1l4,~ Wing-fuselaze connection with fairing II.
The form of the falring can be developed geometrically.
Its forward portion covers the angle between wing and fu-
selagze, while the rear materially increases the thickness
and chord of the wing section,.

FIGURE 15.~ Boundaries of the regions of separation
at various indicated speeds in straight flight with idling
engine and fairing II. Tail flutter occurred at no impact
pressure, The reglon of separation spreads triangularly
with decreasing spoed.

FIGURE 16.~ Boundaries of the regions of separation
at various indicated speeds in straight flight with full
throttle and fairing II. Flutter of the horizontal tail
surfaces occurred at no impact pressure,

FIGURE 17.,~ Flow on upper surface of wing in flight
at about 140 km/h with full throttle and fairing II is
shown by woolen threads, The threads are taut and point
rearward, The flow adheres throughout the span,

FIGURE 18.~ Flow with idling engine at about 85 km/h
with fairing II, The threads of the wing root and trail-
ing edge are disturbed and begin to flutter, The flow par-
tially separates in this region,

FIGURE 19.,~ Flow with idling engine at 80 km/h (49,7
mie/hr,) with fairing II. The separation of the flow
progresses, Some of the threads at the wing root point
forward, indicating complete separation of the flow, On
the outer portion of the wing the flow separates only at
the trailing edge. The threads of the rearmost row are
just beginning to turn forward,

FIGURE 20.- Ascending and deséending vertical veloci-
ties plotted against the airplane speed, with and without
fairing I,

FIGURE 21,.~ Lift coefficient plotted against angle of
forewand=aft inclination, with and without fairing I,
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Flgs. 2,5
Year of construction 1930
Engine type Argus As B8/1I
Engine power : 90 hp
Propeller =2500 mm 8.2 ft.
R=1320 " 4.3 "
Span b=11.8 m. 38,7 M

Mean chord  t,=1.34" 4,4 %
Wing area,F=14,7 m%158.2.sq,ft.
Weight empty(equipped)

=380 kg 838 1b.
Total weight during investiga-~

5;ft tion of flow about the wing

G=600 kg 1323 1b,

5m Total weight during performance

tests Gr=527 kg 1162 1b.

Figure 2. - General arrangement drawings of
BP W~ M 22 b monoplane.
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Figure 5. - Various means of
separation of the

preventing preomature
flow about the wing.
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